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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to program- 
ming/diagnostic devices for use with implantable 
programmable medical devices, such as pacemak- 
ers. More particularly, the present invention relates 
to specific improvements of pre-program- 
ming/diagnostic devices that (i) facilitate nonin- 
vasive communications with an implantable prog- 
rammable pacemaker, and (ii) perm it both real-time 
and prospective analysis of the pacemaker opera- 
tion as it interacts with the heart and more exactly 
the invention relates to an analyzer programmer 
system for controlling and monitoring an implan- 
table programmable pacemaker according to the 
preamble of claim 1 . An analyzer and programmer 
system of this kind is previously known from USA 
4 432 360. 

In the past, the primary source of diagnostic 
data for use in analyzing the operation of an im- 
planted pacemaker has been the surface electro- 
cardiogram (ECG), in which both pacemaker and 
heart activity are blended. From the ECG, the activ- 
ity of the heart -including the contraction of the 
atria, the contraction of the ventricles, and the 
timing therebetween -could be displayed. From 
the pacemaker, the activity of the pacemaker -in- 
cluding when a heart contraction was sensed and 
when a stimulating pulse was generated- could 
likewise be monitored through the use of marker 
signals telemetered from the pacemaker to a re- 
mote (nonirh'planted) receiver, where such signals 
were processed and displayed as marks on the 
ECG waveform. 

In recent years, some implantable pacemakers 
have included the capability of transmitting an in- 
tercardiac ECG signal, either alone or in combina- 
tion with marker signals, thereby allowing a com- 
plete analysis of the interaction of the heart with 
the pacemaker without the need of first obtaining 
surface ECG signals. See, e.g., U.S. Patent No. 
4,559,947. Pacesetter Systems, Inc., of Sylmar, 
California, has in recent years provided a program- 
ming system for use with implanted pacemakers 
called an Analyzer/Programmer System (APS). The 
APS, when noninvasive^ coupled to an implanted 
pacemaker, and when also connected to conven- 
tional skin ECG electrodes, is capable of selec- 
tively displaying either the surface ECG or the 
intercardiac ECG with event and timing annotation 
of pacemaker activity. U.S. Patent No. 4,596,255 
describes some of the display and processing fea- 
tures of the APS. These features have greatly 
enhanced the ability to property diagnose the inter- 
action between pacemaker and patient. That is, by 
using an APS, a doctor, cardiologist, or other di- 



agnostician can readily decipher the source of 
stimulating pulses, the response or lack of re- 
sponse of the heart to such pulses, the existence 
and duration of refractory periods, and the like. 

5 Such capability has proven especially useful in 
understanding and analyzing the complex operation 
of dual-chamber pacemakers. 

Unfortunately, while the APS and similar pro- 
gramming/diagnostic systems, such as those de- 

w scribed in U.S. Patents 4,208,008, 4,417,306, and 
4,505,276, have done much to facilitate commu- 
nications with and analysis of implantable program- 
mable pacemakers, such systems typically require 
extensive training and experience on the part of 

is their users before they can be used effectively. 
Like many microprocessor-based systems (e.g. 
personal computers), such systems can at times 
be very frustrating for the user unless the user is 
intimately familiar with the correct sequence of 

20 instructions that must be provided to invoke a 
desired response. 

Moreover, where the. principal operating param- 
eters of the pacemaker are programmable (as is 
the case with most modem pacemakers), and par- 

25 ticularly where the operation of a dual-chamber 
pacemaker is being analyzed (a dual-chamber 
pacemaker is one that is capable of sensing and/or 
pacing in both chambers of the heart), it has often 
been difficult for the user of the program- 
me ming/analyser system to know what the reaction of 
the heart will be or should be to a given program- 
ming change. This is because of the relatively 
large number of variables that can be involved in 
dual-chamber pacing, each variable having poten- 

35 tial of interacting with the others in affecting the 
overall operation of the pacemaker. With such a 
large number of variables, it is difficult for the user 
of the system to keep track of all possible inter- 
actions. Similarly, even when the program- 

40 ming/analyzer system provides or displays needed 
information, such as the values of selected vari- 
ables or parameters, such information has not al- 
ways heretofore been provided or displayed in a 
format that makes it easy to understand and use in 

45 relation to other known information. 

FRA2 449 387 discloses the use of LEO- 
matrix for entering or modifying programming pa- 
rameters in a programming device for a radio di- 
agnostic installation. The programming of timed 

so events is possible, because each column in the 
LED-fnatrix is associated to a time period, whereas 
each row in the matrix can be associated to a 
parameter. The start time, the duration and the end 
time of an action can be programmed. EPA 0 019 

55 814 discloses a control device for implantable ap- 
paratus, especially implantable apparatus for infu- 
sion of Squids, wherein a matrix screen is used for 
programming the time and dose dependency. 
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EPA 0 225 839 describes graphical representation 
of data, which are used for controlling the pacing 
action of a pacemaker. EPA 0 120 250 discloses a 
biomedical system such as a pacemaker system 
with graphic output representation of the timing and 
event information transmitted from the pacemaker 
to the external apparatus. 

Further, as the amount of information being 
transferred between such programmer/analyzer 
systems and the pacemaker has increased, the 
complexity, and hence the cost, of such systems 
has also increased. In some instances, the cost of 
such systems may be prohibitive, thereby neces- 
sitating the use of less complex program- 
mer/analyzer systems that do not offer the full 
capabilities that are technologically available with 
the more complex programmer/analyzer systems. 

What is needed therefore, is a program- 
mer/analyzer system for use with implantable prog- 
rammable pacemakers that offers all needed com- 
munication and diagnostic capabilities, yet is easy 
to use and understand, and is less costly to build. 
The present invention addresses these and other 
needs. 

SUMMARY OF THE INVENTION 

The present invention provides an analyzer 
programmer system of the type defined in the 
introduction of the description and having the char- 
acterizing, features of claim 1. 

The present invention provides enhancements 
for an analyzer/programmer system used with im- 
plantable medical devices. In general, these en- 
hancements facilitate communications with the im- 
plantable device and make analysis of the opera- 
tion of the implantable device easier to understand 
and perform. 

the invention relates not only to the analyz- 
er/programmer system itself, including the manner 
in which read-only memory (ROM) devices are 
used within the system, and the nature and char- 
acter of displays and command-entering features 
that are available, but also to a time-interval pro- 
gramming system for use with an implantable 
medical device. Further, the invention is directed to 
a telemetry head module that forms part of the 
analyzer/programmer system, which telemetry 
head module provides a more efficient communica- 
tion link between the implantable device and the 
main processor of the analyzer/programmer sys- 
tem. 

The analyzer/programmer system of the 
present invention includes telemetry head means 
for sending and receiving control and data signals 
to and from an implanted medical device; process- 
ing means for generating the control signals in 
response to commands entered therein and for 



processing the data signals received from the te- 
lemetry head means; memory means for storing 
data signals; command-entering means for entering 
commands into the processing means, and display 
s means for graphically displaying the information 
contained in both the control signals and data sig- 
nals, the information contained in the control sig- 
nals being displayable, in one embodiment, as a 
set of graphical programmed time intervals, as 
10 described below. 

The telemetry head means of the present in- 
vention is realized with a telemetry module that 
includes: (1) transceiver means for receiving and 
transmitting data and control signals from and to an 
f5 implantable medical device; (2) digital data port 
means for receiving and sending digital data; and 
(3) processing means for modulating and condition- 
ing the digital control signals received through the 
digital data port means and presenting the resulting 
20 modulated and conditioned control signals to the 
transceiver means, and for demodulating and con- 
ditioning the data signals received through the te- 
lemetry means and presenting the resulting de- 
modulated and conditioned data signals as digital 
25 data to the digital data port means. Advantageous- 
ly, such a configuration provides a much more 
efficient transfer of data and commands between 
the analyzer/programmer system and the implanted 
pacemaker than has heretofore been available. 
30 The memory means of the present invention is 
made up of both conventional ROM and RAM 
devices, and further includes a unique ROM ad- 
dressing scheme that permits direct in-page ad- 
dressing of ROM data without the use of additional 
35 software. The result is a much more efficient re- 
trieval of the data from the ROM. Using such a 
ROM addressing scheme, the addressed data is 
available on a data bus within a fraction of a clock 
cycle subsequent to the enabling of an address 
40 latch. This is in contrast to conventional ROM ad- 
dressing schemes wherein the addressed data is 
typically not available on the data bus until after 
several clock cycles subsequent to the enabling of 
an address latch. 
<5 The display means of the present invention 
includes programmed time-interval display means 
for displaying a graphical or tabular representation 
of the programmed time intervals associated with 
the operation of the implanted pacemaker. A 
so graphical programmed interval display depicts pro- 
grammed intervals as scaled lines or bars, with 
each separate interval beginning and ending in 
proper time sequence relative to a time-line axis. 
Such a graphical display advantageously allows a 
55 programmer to quickly and easily understand and 
visualize the interaction between the implantable 
device and the body functions it monitors and/or 
controls (e.g.. between an implanted pacemaker 
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and the heart). Thus, a graphical programmed in- 
terval display provides a representation of the ex- 
pected performance (i.e., a prediction of the perfor- 
mance) that will result from a particular set of 
programmed intervals. In one embodiment, such a 
graphical programmed interval display or equiv- 
alent may optionally overlay or sidelay a similar 
graphical display of measured real-time data, there- 
by facilitating a comparison between predicted and 
measured performance. 

The time-interval programming means in- 
cludes: (1) means for entering commands into the 
analyzer/programming system that are noninvasive- 
ly communicated to the implanted pacemaker, 
these commands having information contained 
therein that specifies the duration of selected time 
intervals associated with the operation of the pace- 
maker; and (2) means for graphically displaying a 
selected plurality of these time intervals in a visual 
representation that depicts wh8n t within a predefin- 
ed cyde, each displayed time interval begins and 
ends. In order to compare this prediction to actual 
performance, means are also provided in one em- 
bodiment for graphically displaying measured inter- 
cardiac ECG data, either real time or stored, si- 
multaneously with the display of the programmed 
time intervals, both displays sharing the same time- 
line axis. 

The display means of the present invention 
further includes command-entering means for dis- 
playing various sets of command selections that 
can be made in programming or interrogating the 
pacemaker or analyzer/programmer system. Ad- 
vantageously, such- commands are entered, pro- 
cessed, displayed and executed in a concise, 
easy-to-understand, error-free manner. Further, the 
display means allows real-time data obtained from 
the implantable medical device, such as intercar- 
diac ECG waveforms, to be graphically displayed 
in real time and/or stored for subsequent display 
and analysis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other advantages and features 
of the present invention will be more apparent from 
the following more particular description thereof,, 
presented in conjunction with the following draw- 
ings and appendices, wherein: 

Fig. 1 is a system block diagram showing the 
main components of the present invention; 
Fig. 2A is a simplified block diagram of the 
analyzer/programmer system-ll (APS-II) of Fig. 
1; 

Rg. 2B is a perspective view of an APS-II de- 
vice; 

Fig. 3 is a block diagram of the telemetry head 
module of Rg. 2; 



Rgs. 4A-4D are schematic diagrams of the te- 
lemetry head module circuits of Rg. 3, with Rg. 
4 being a map diagram showing the inter- 
relationship between the respective schematic 

s diagrams of Rgs. 4A-4D; 

Rgs. 5A and 5B are schematic diagrams of key 
portions of the APS-II shown in Rg. 2; 
Rg. 6A is a schematic diagram of the Program 
Cartridge (ROM Pack) of Rg. 2; 

to Rg. 6B is a timing diagram illustrating key 
waveforms associated with the operation of the 
ROM Pack of Rg. 6; 

Rgs. 7A-7C are representations of some of the 
many types of displays generated by the APS-II 
is on a touch-sensitive screen, which displays al- 
low an operator to select the displayed option 
by merely touching the appropriate area on the 
screen; 

Rgs. 8A and 8B are representative displays 
20 generated by the APS-II used to set the clock 
within the APS-II; 

Rgs. 9A and 9B are representative displays 
generated by the APS-II used in connection with 
the interval programming features of the inven- 
25 tion, with Rg. 9 A showing a typical programmed 
interval display, and Rg. 9B showing a portion 
of a simultaneous ECG and interval program- 
ming display. 

30 DETAILED DESCRIPTION OF THE INVENTION 

The following description is of the best pres- 
ently contemplated mode of practicing the inven- 
tion. This description is not to be taken in a limiting 
35 sense but is made merely for the purpose of de- 
scribing the general principles of the invention. The 
scope of the invention should be ascertained with 
reference to the appended claims. 

40 APS-II System Overview 

The analyzer/programmer system of the 
present invention is incorporated into a program- 
ming device, hereafter referred to as APS-H, soon 

45 to be manufactured and sold by Pacesetter Sys- 
tems, Inc., A Siemens Company, of Sylmar, Califor- 
nia. As suggested by the device name, APS-II 
represents a second generation of the previously 
referenced APS, also manufactured and sold by 

so Pacesetter Systems, Inc. APS-II includes improve- 
ments and enhancements not found in APS, while 
being more compact and less expensive than APS. 
APS-II provides a sophisticated, microprocessor- 
based programming system that can be used to 

55 noninvasive^ interrogate and program the prog- 
rammable cardiac pulse generators (pacemakers) 
manufactured by Pacesetter Systems, Inc. 
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Some of the processing and display features of 
APS-II are described in U.S. patents US-A 4791936 
and US-A 4596255. 

Turning now to Fig. 1, a very simplified block 
diagram of APS-II is presented. A programmable s 
pacemaker 20, presumably implanted within living 
tissue, is in electrical contact with a heart 22 by 
way of at least one pacemaker lead 24. (It is noted 
that while the pacemaker 20 in Fig. 1 is presumed 
to be implanted, it need not be implanted for the to 
APS-II to function. For example, for training pur- 
poses, it is quite common to use an APS-II with a 
nonimplarrted pacemaker that is connected to a 
heart simulator.) 

The pacemaker 20 is typically a self-contained is 
unit that is capable of both sensing natural cardiac 
activity and providing stimulating pulses to invoke 
paced cardiac activity. The operating characteris- 
tics of the pacemaker 20 can be noninvasively 
programmed by way of command signals received 20 
over telemetry link 26, which command signals are 
received from a telemetry head 28 connected to 
the APS-II processing circuits 30 by way of a 
connection cable 31. The command signals are 
generated within the APS-U processing circuits 30 zs 
as a function of operating commands received by 
way of touch sensitive screen 32. That is, as will be 
described in more detail below, an APS-II operator 
selects a desired command by touching a des- 
ignated area on the touch screen 32, which des- so 
ignated area is defined by a particular pattern dis- 
played on the display screen 34. Advantageously, 
the touch screen 32 overlays the display screen 34 
so that all one need do to make a command 
selection is to touch the screen at the area in- 35 
dicated on the display for the desired command. 

The pacemaker 20 is also capable of sending 
operating data and measured data over the telem- 
etry link 26 to the telemetry head 28. The telem- 
etry head 28 preliminarily processes this data and 40 
forwards it on to the APS-II processing and mem- 
ory circuits 30. Data received at the APS-II circuits 
30 may be displayed on the display screen 34, 
printed on a printer 36, and/or stored within the 
memory elements of the APS-II circuits 30 for 45 
subsequent retrieval and display. Alternatively or 
conjunctively, data received at the APS-II circuits 
130 may be transmitted over an appropriate data 
channel 38 to a desired external device, such as a 
modem, an X-Y plotter, a tape or disk drive, or so 
other peripheral device. 

Operation of the APS-II processing and mem- 
ory circuits is controlled by way of a program 
cartridge 40 that is detachably connected to the 
processing and memory circuits 30. Removable 55 
program cartridge 40 thus advantageously allows 
the operating characteristics of the APS-II device to 
be easily upgraded to include new features and to 



properly interface with new pacemakers, as new 
features and new pacemakers are developed. Such 
upgrading can occur at minimal cost because all 
that is required is a new program cartridge 40, 
rather than a whole new analyzer/programming 
system, as has been required in the past. 

APS-II System Block Diagram 

Referring next to Fig. 2A, a more detailed block 
diagram of the APS-II Processing Circuits and 
Memory 30 of Fig. 1 is shown. (It is noted that 
other elements from Fig. 1 are also shown in Fig. 
2A, with like reference numerals being used to 
indicate like parts.) Essentially, the APS-II is made 
up of two major modules, the APS-II system unit 
and the Telemetry Head 28. Each of these major 
modules is further made up of many subassem- 
blies and functional elements. The organization of 
the block diagram of Rg. 2A shows the major 
subassemblies and functional elements of the APS- 
II system unit Many of these elements are conven- 
tional and no further description beyond that given 
below in connection with Rg. 2A will be presented 
herein. 

Referring then to Rg. 2A, it is seen that at the 
heart of the APS-II is a microprocessor 42. In the 
preferred embodiment, microprocessor 42 is re- 
alized using a commercially-available 80188 pro- 
cessor manufactured by Intel. As known to those 
skilled in the art, the 80188 processor is a highly 
integrated processor, containing several peripheral 
devices within its 68 pin package, such as a bus 
interface unit, a DMA unit, a programmable chip 
select unit, a timer unit and an interrupt unit It 
represents an advancement within the 8088 family 
of processors, ft operates using an 8 MHz clock, 
which is derived from a 16 MHz crystal 60. A 
thorough description of the 80188 processor may 
be found in Microsystem Components Handbook , 
published by Intel Corporation (1986). 

Coupled to the Interrupt Unit portion of the 
80188 microprocessor 42 is an interrupt controller 
62. Preferably, this controller 62 is realized with an 
eight input interrupt controller 8259A, also commer- 
cially-available from Intel Corp. The inputs of the 
controller 62 are connected to high priority signals 
which are permitted to interrupt the processor tasks 
as required. These high priority signals may in- 
clude (but are not limited to): latched parity error 
(LPE), indicating a single-bit error occurred during 
a dynamic memory read operation; a keypress 
signal, indicating a continuous keypress was de- 
tected from the touchscreen electronics; an iso- 
lated input signal (EPL) received from the interface 
connector located at the rear of the APS-II; a sur- 
face ECG VCO signal, a periodic signal that facili- 
tates a 16-bit timer value to be proportional to the 
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period of the surface ECG interface VCO; or a 
vertical retrace interrupt request (VRTC) signal 
used to inform the 80188 processor of the availabil- 
ity of the video memory. The interrupt controller 62 
interfaces with the microprocessor 42 and provides 
the microprocessor 42 with a binary code repre- 
senting the source of selected interrupt signals. 
Priority levels are assigned by the software control- 
ling the microprocessor 42 to enable the micropro- 
cessor 42 to respond appropriately to the interrupt 
signal having the highest priority level. A more 
definitive description of the 8259A may be found in 
the above-reference Microsystems Components 
Handbook (Intel, 1986). 

The bus interface portion of the microprocessor 
42 is connected to an address bus 64 and a data 
bus 66. A dynamic random access memory 
(DRAM) 68 is connected to both this address bus 
and data bus and provides 51 2K bytes of memory 
for use by the microprocessor 42 as it carries out 
its various functions. In the preferred embodiment, 
this 51 2K bytes of memory are provided In the 
form of eighteen 256K-bit devices. Refresh and 
RAS/CAS timing of the memory 68 is provided by 
an integrated memory controller 70, realized with 
an Intel 8208 device. 

Also connected to the address bus 64 and the 
data bus 66 is non-volatile memory 72. Memory 72 
is preferably realized using a programmable read- 
only memory (ROM) device which has been pro- 
grammed to contain the power-up initialization soft- 
ware for the microprocessor 42 and the programs 
that are active when the program cartridge 40 is 
removed from the APS-II system unit 30. 

Static random access memory (RAM) 72 is 
likewise connected to the address bus 64 and the 
data bus 66. tn the preferred embodiment, this 
memory provides an additional 8K bytes of storage 
for operator selectable variables or additional soft- 
ware options. Advantageously, the data stored in 
static RAM 74 is maintained non-volatile by a re- 
placeable battery 76. 

The program cartridge 40 is an operator-re- 
placeable program memory cartridge that is in- 
stalled into the main printed wiring board at the 
rear of the APS-II housing 44 so as to also be 
connected to the address bus 64 and the data bus 
66. The memory capacity is approximately 51 1K 
bytes when fully populated. In the preferred em- 
bodiment, program cartridge 40 is realized with 
ultra-violet-erasable programmable read-only mem- 
ory (UV-EROM) devices. The program cartridge 40 
is described in more detail hereinafter in connec- 
tion with the description of Figs. 6A and 6B. 

Further connected to the address bus 64 and 
the data bus 66 is a 64K display memory 43. 
Display circuits 45 and a cathode ray tube (CRT) 
46 combine with the display memory 43 in order to 



provide the APS-H's display 34 (Fig. 1). The visible 
portion of the display is comprised of 480 by 240- 
bit mapped pixels upon a 7-inch diagonal measure 
CRT 46. The video image to be displayed is written 

s into the display memory 43 by the host micropro- 
cessor 42 through the use of direct memory ac- 
cess (DMA) and a number of programmable array 
logic (PAL) devices and medium-scale integration 
(MSI) components. The data bus 66 and the ad- 

io dress bus 64 are also used to transfer data into 
display memory 43. Once in display memory 43, 
the image is transferred to the appropriate pixels of 
the CRT 46 by means of conventional display 
circuits 45. 

is Still referring to Fig. 2A, power for the APS-II is 
provided by power supply 78. In the preferred 
em bod men t, power supply 78 provides 150 Watts 
of power derived from an input power source of 
110 VAC, 60Hz. Output voltages are +5 volts, + 12 

20 volts, and +24 volts dc. 

In order to unburden the host microprocessor 
42 from the data being recejyed from or sent to the 
various input/output (I/O) devices, another micro- 
processor 60 is connected as a slave microcom- 

25 puter to the data bus 66. This slave microprocessor 
is realized in the preferred embodiment with an 
8742A 10 processor, available from Intel Corp. Es- 
sentially, the 8742A 10 processor, using an UV- 
EROM 2K-byte memory that operates at 11 Mhz, 

30 functions as an intelligent buffer in interfacing with 
the touchscreen 32, an annunciator 82, a reaWme 
clock 84, and the printer 36. Further details asso- 
ciated with the 8742A processor may be found in 
the Intel Microsystem Components Handbook , Vol. 

35 II. p. 5-826 (Intel 1985). 

The components interfacing with the slave 
microprocessor 80 will now be briefly described. 
Annunciator 82 is a speaker that is used to emit a 
tone for user feedback or a "click" when a keypad 

40 (the touchscreen 32) is touched. Touchscreen 32 is 
a touch-sensitive keypad that fits over the CRT 
display 46, thereby allowing the system to be en- 
tirely "menu-driven". The touchscreen returns the 
coordinates of the point on the screen that are 

45 depressed, which coordinates can be correlated 
and compared with the coordinates of menu selec- 
tions that are displayed by the CRT, thereby Pro- 
viding an indication of which displayed keys have 
been selected. Real-time clock 84 is used to keep 

so track of the year, month, date, hour, minute, and 
second. Any Of several commercially-available 
clock chips can be used for this purpose. A 32768 
Hz crystal is used to provide frequency stability for 
the clock signal used to drive clock chip 84. Also, a 

55 battery 88 provides power to the clock chip 84 
when the power supply 78 is turned off, thereby 
allowing clock 84 to maintain an accurate indication 
of the time and date. Printer 36 is a thermal printer 
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that utilizes 416 elements, 102 elements per inch, 
and that prints at a speed of 1 inch per second. 
This speed allows real-time ECG printouts to be 
made, if desired. 

Still referring to the block diagram of Rg. 2A, it s 
is seen that data bus 66 is also tied into serial I/O 
controller 90. the function of which is to send and 
receive data via an RS-232 interface and/or other 
data interfaces, and to maintain communications 
with the telemetry head 28. Serial I/O controller 90 to 
is realized using an 82530 Serial I/O Controller 
available from Intel Corp, or a Z8530 Serial I/O 
Controller available from Zilog Corporation. Further 
details associated with the operation and use of the 
serial controller 90 can be found in the Zilog is 
Z8030/8530 SCC Serial Communications Controller 
Technical Manual (Zilog Corp. 1983). 

An isolated functions module 92 is coupled to 
the serial I/O controller 90 via a serial I/O bus 94 
and a parallel I/O bus 96, As shown in Rg. 2A. data zo 
may be sent to the isolated functions module 92 by 
way of the parallel bus 96. Data may also be sent 
or received from the isolated functions module 92 
by way of bidirectional serial bus 94. Both buses 
interface with the isolated functions module 92 2S 
through opto-isolators 98. The isolated function 
module includes three sub-modules that must be 
isolated from the rest of the APS-II circuitry. TTiese 
sub-modules are a surface ECG amplifier 101, an 
RS-232 communications interface 103, and an 30 
Electrophysiology (EP) interface 105. Isolated pow- 
er for the isolated function module 92 is provided 
by DC/DC converter 107, realized with a Burr- 
Brown 722 DC/DC converter. 

Rg. 2B illustrates a housing 44 within which 35 
the APS-II system unit components are housed. In 
accordance with one embodiment of APSII, all the 
circuits of Rg. 2A, with the exception of the telem- 
etry head module 28, are housed within housing 
44. In accordance with an additional embodiment of 40 
APSII, even the circuits of the telemetry head mod- 
ule 26, except for the coil assembly 117 (see Rg. 
3), are housed within housing 44. As can be seen 
from Rg. 2B, the CRT screen 46, over which 
touchscreen 32 is laid, provides a readily visible 45 
and accessible means for viewing displays and 
selecting commands. Similarly, the printer 36 pro- 
vides a paper copy 52 of that which is displayed 
on the screen of the CRT 46, or other desired 
information, as selected by the various commands 50 
available through touching the touchscreen. The 
telemetry head module 28 is attached to cable 31 
which progs into a connector 50 located on the 
bottom front side of the housing 44. A power cord 
47 plugs into a socket 49 at the rear of the housing 55 
and allows the APS-II to be powered from any 
suitable electrical outlet providing 110/120 VAC, 
60Hz. The power cord 47 may be stored on the 



bottom of the housing 44 for ease of transportation 
and storage. Similarly, the telemetry head 28 (first 
embodiment), or telemetry coil assembly 117 (sec- 
ond embodiment), when detached, can be stored in 
a removable front cover (not shown) when not in 
use. The various connections associated with the 
Isolated Functions Module 92, discussed above in 
connection with Rg. 2A, are also made available 
through appropriate connectors located either along 
the bottom front or the rear of the APS-II housing 
44. 

Telemetry Head 

Referring next to Rg. 3, a block diagram of the 
telemetry head 28 is shown. As mentioned, in a 
first embodiment telemetry head 28 includes all of 
the components shown in Rg. 3, including a micro- 
processor 1 15. Thus, in this embodiment, telemetry 
head 28 may be considered as a "smart" telemetry 
head because it includes processing circuitry ca- 
pable of performing many of the signal and telem- 
etry processing functions needed to efficiently 
communicate with an implanted pacemaker inde- 
pendent of the APS-II system unit circuits con- 
tained within the housing 44 (Rg. 28). In an alter- 
native second embodiment telemetry head 28 may 
include only a telemetry coil assembly 11 7, . with 
the balance of the circuitry shown in Rg. 3 being 
included within the housing 44. In this second 
embodiment telemetry head 28 would be consid- 
ered a 'dumb" telemetry head because it would be 
totally dependent upon the APS-II system unit cir- 
cuits for its operation. In either embodiment, be- 
cause telemetry head 28 is attached to the APS-II 
system unit by way of detachable cable 31 (Rg. 
2B), the telemetry head 28 is effectively a field- 
replaceable module that exists as a peripheral to 
the APS-II system unit 

Before describing the circuits of the telemetry 
head 28, ft will be helpful to present a brief over- 
view of the telemetry head's external and internal 
construction. In the first embodiment, telemetry 
head 28 is housed within a two-piece ABS plastic 
package, best shown in Rg. 2B. Trie package is 
assembled with four screws, facilitating factory ser- 
vice of the internal electronics. Trie package is not 
sealed against moisture and as such should not be 
directly exposed to solvents. The indicator light 
emitting diode (LED) 113 (Rg. 3) is positioned 
within the housing so as to be visible on the upper 
(inactive surface) of the module. 

IntemaJly, the telemetry head 28, according to 
the first embodiment is made up of an electronic 
assembly that consists of a printed wiring board 
(PWB) and a telemetry coil assembly 117 installed 
onto a ferrite form. The PWB is multilayer glass 
reinforced plastic design with a shield layer on the 
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component side, facing the ferrtte assembly. The 
PWB is installed with the component side and 
shield layer facing the coil and ferrite assembly to 
maximize the separation between the coil assembly 
and the PWB. This is done to minimize the "load- 
ing" effect upon the telemetry coil imposed by the 
PWB and to minimize the coupling of noise from 
the PWB circuits into the coil. 

The PWB components consist of sensitive sig- 
nal detection and filtering circuits, amplifiers, signal 
conversion circuits, and a microcontroller. These 
circuits will now be briefly described with reference 
to the block diagram of Rg. 3. While the discussion 
that follows is directed to the first embodiment of a 
"smart" telemetry head, it is to be understood that 
the circuit descriptions apply equally well to the 
second embodiment where the circuits are housed 
within the main APSII housing 44. 

Power for the telemetry head 28 is provided by 
the host APSII power supply 78 (Rg. 2). However, 
this power is further regulated with regulator 119 
(Rg. 3). In the embodiment shown, the input power 
to regulator 119 is +24 volts and + 9 volts, and 
the output regulated power provided by regulator 
'119 comprises +12 volts, +9 volts, +18 volts, and 
two independent lines of +5 volts. Regulator 119 is 
realized using commercially-available regulator cir- 
cuits, such as the LM324, LM7818, and LM7805, 
available from Texas Instruments. 

At the heart of the telemetry head circuits is a 
microprocessor 115. In the embodiment shown, 
microprocessor 115 is realized using, a commer- 
cially-available single chip 8-bit 8751 Microcontrol- 
ler, available from Intel. The 8751 operates using a 
12 Mhz clock generated by an external crystal 114. 
Advantageously, the 8751 is preprogrammed and 
thus dedicated to control the telemetry module 
hardware. Full-duplex, high-speed, serial commu- 
nication is provided with the microprocessor 115 
over TX and RX data lines 121 and 123, respec- 
tively, by virtue of an integral Universal Asynchro- 
nous Receiver Transmitter (UART) that is included 
within the 8751 chip. Buffering is provided by high- 
speed CMOS inverter gates 124 and 125. Data 
lines 121 and 123 thus comprise the high speed 
serial communication link 31 shown in Rg. 2A. 

The embodiment shown in Rg. 3 includes sep- 
arate coils 116 and 118, wound on the same ferrite 
core (but with different orientations) to enable com- 
munications between the telemetry head and two 
different families of pacemakers. Each coil 116 or 
1 18 has a telemetry oscillator associated therewith, 
identified in Rg. 3 as block "TLM OSCILLATORS" 
127. Signals are transmitted from the appropriate 
coil 116 or 1 18 (referred to as uplinking) by modu- 
lating the respective oscillators 127 with an appro- 
priate data signal. This data signal is generated by 
the microprocessor 115 and sent to the telemetry 



oscillator 127 over signal line 129. In the preferred 
embodiment a Manchester data format is used. 
The oscillator supply voltage is set and maintained, 
by servo circuits 133, to a desired level, such as 

s +9 volts, by a control signal provided on signal 
line 131, in order to control the uplinking capabil- 
ities (e.g./ange) of the transmitted signal. 

Downlinking, or the receiving of signals from an 
implanted pacemaker, is accomplished in the fol- 
io lowing manner. Conventional receiving circuits 135 
and 137 sense and amplify any signals received 
through coils 116 and 118 of the coil assembly 
117. Modulation detection is then performed using 
amplitude (AM) detector 139. Advantageously, a 

is self-test calibration modulator 141 is provided to 
simulate a typical pulse generator modulation for 
the purpose of test and calibration. This feature 
provides assurance of the telemetry accuracy by 
measurement of the frequency-to-voltage transfer 

20 function, discussed below, and facilitating the cre- 
ation of a calibration factor . Ether the output from 
the calibration modulator 141 or the output of the 
AM Detector 139 may be selected for presentation 
to amplifier 143 by switch circuitry 145, which 

25 switch circuitry is controlled by the processor 115. 

Trie output signal from amplifier 143 is directed 
to low pass filter 147. Amplifier 143 and filter 147 
serve to buffer, amplify and condition the signal 
prior to digitization. Digitization of the signal is 

so accomplished by first presenting the signal to zero- 
crossing detector 149 in order to convert the ana- 
log information of the signal to a digital representa- 
tion of frequency. This frequency information signal 
is then applied to three functional sections: (1) the 

35 processor 115, which processor measures the fre- 
quency directly (such frequency measurement is 
essential for Manchester demodulation); (2) a miss- 
ing pulse detector 151 (whereat a low frequency 
triggers an output signal from the detector 151 that 

40 signals the presence of a marker in the analog 
downlink, thereby significantly unburdening the 
processor 115; and (3) a frequency-to-voltage con- 
verter 153. formed by a one-shot circuit 155 and a 
100 Hz tow-pass filter 157. 

45 The output signal from the frequency-to-voltage 
converter 153, the output signal from the calibration 
modulator 141, and an output signal from an ab- 
solute-value detector 159 (connected to the input of 
the zero-crossing detector 149) are all directed to a 

so multiplexer 161. Multiplexer 161, which is con- 
trolled by the processor 115, selects one of these 
three input signals for presentation to A-to-D con- 
verter 163. A sample and hold circuit 162 com- 
prises the front end of the A-to-D converter 163. In 

ss the preferred embodiment A-to-D converter 163 
provides a serial-interfaced digital output signal 
having an 8-bit resolution over the range of 800 Hz 
to 2500 Hz. This serial digital signal is presented to 
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the processor 115, where it is processed as re- 
quired and eventually passed on to the serial com- 
munications line 121 for presentation to the APS-II 
unit 30 (Fig. 2A). 

The telemetry head module 28 also includes a 
DC/DC Converter 165 for generating the negative 
16-vott supply voltage used by the telemetry os- 
cillators 127. This converter 165 is enabled only 
during uplinking (transmission of signals to the 
pacemaker), as it is only then that the telemetry 
oscillators are operational. 

Referring next to Fig. 4, and Figs. 4A-4D, the 
schematic diagram of the telemetry head module 
28 is shown. Fig. 4 is a map diagram that illustrates 
how the four schematic diagrams, Figs. 4A-4D, 
interrelate one with another, it is noted that the 
same reference numerals used in Fig. 3 are used 
to indicate like parts of the schematic diagrams of 
Rgs. 4A-4D. A detailed explanation of the operation 
of the circuits shown in the schematic diagrams of 
Rgs. 4A-4D is not provided, as such will be self- 
evident to those skilled in the art However, a brief 
explanation of which circuits are included in which 
figures will be presented to aid in. understanding 
the interrelationship between the various circuits. 

In Fig. 4A, the coil assembly 117, comprising 
the two separate coils 116 and 118, is shown 
connected to telemetry oscillators 127, which are 
realized with transistors Q1 and Q2. The output of 
these coils 116 and 118 is also directed through 
diodes CR3 and CR4 to AM Detector 139, realized 
with an RC network comprised of capacitor C14 
and resistors R11 and R14. Two shunt switches, 
not shown in the block diagram of Fig. 3, are 
coupled to the output signal lines of coils 118 and 
116, respectively, so that the appropriate signal line 
can be shunted to ground when not in use. These 
shunt switches are realized with FET transistors Q4 
and Q5. A quad control relay U3 provides four 
independent mechanical switches that are used to 
selectively turn on the shunt switches Q4 and Q5, 
or the telemetry oscillators 02 and Q3. Control of 
the quad switch U3 is obtained from signal lines A1 
and A2, which originate at the microprocessor 115, 
shown in Fig. 4C. 

The high speed serial communication lines 121 
and 123 are also shown in Rg. 4A as being con- 
nected to pins 3 and 4 of cable connector TB2. 
Cable connector TB2 corresponds to the telemetry 
head connector 50 shown in Rgs. 2A and 2B. Pins 
1 and 2 of connector TB2 carry +24 and +9 volts 
respectively to the voltage regulator 119. 

Referring next to Rg. 4D, the output signal 
from the AM Oetector 139 (Rg. 4A) is next serially 
connected to switch 145, amplifier 143 and low 
pass filter 147, the schematic diagrams of which 
are all shown in Rg. 4D. Amplifier 143 is realized 
with one of the operational amplifiers included in 



integrated circuit U5. while low pass filter 147 is 
realized using two additional operational amplifiers 
also included in U5. Further shown in Rg. 4D is the 
DC/DC converter 165, also referred to as the 

5 Charge Pump Converter, which circuit generates a 
negative 16 volts by pumping up a capacitor C42 
with a negative charge at a 2 MHz rate, the 2 Mhz 
pumping signal being obtained over signal line D7, 
which originates* at the "ALE" terminal of the 

10 microprocessor 1 15 of Rg. 4C. 

Referring next to Rg. 4B, it is seen that the 
output signal from the Low Pass Rlter 147 (Rg. 
4D) is directed to the zero-crossing detector 143 
and to the absolute value detector 159, both ctr- 

rs cuits of which are realized in conventional manner. 
An edge resolving circuit 144 supplements the 
performance of the zero-crossing detector 143 in 
order to clearly define signal transitions. In effect, 
this edge resolving circuit doubles the demodu- 

20 lated telemetry frequency. 

Sill referring to Rg. 4B, a Low Frequency De- 
tector 151, referred to as the Missing Pulse Detec- 
tor in Rg. 3, monitors the frequency of the output 
signal obtained from the edge resolving circuit 144 

25 and provides a "low frequency" trigger signal to 
the microprocessor 115 whenever a 630 Hz marker 
signal is sensed within the demodulated telemetry 
signal. The output of the resolving circuit 144 is 
also connected to the frequency-to-voltage con- 

30 verter circuit 153, realized using one shot circuit 
155 followed by . low pass circuit 157. The outputs 
of the frequency-to-voltage circuit 153, the absolute 
value detector 159, and the calibrated test pulse 
' (obtained from the emitter of transistor Q1 in Rg. 

as 4A), are all tied into multiplexer 161, realized with 
integrated circuit U9 in Rg. 4B. One of these inputs 
is selected by the multiplexer 161 and delivered to 
the 8-bit A-to-D converter 163. The serial digital 
output of the A-to-D converter 163 is presented to 

40 the microprocessor 115, shown in Rg. 4C, over the 
signal line identified as ADCDATA. 

APS-ll 

45 Referring next to Rgs. 5A and 5B, a schematic 
diagram of key portions of the APS-II circuits is 
shown. Like numerals are used to describe the 
elements of Rgs. 5 A and 5B and Rg. 2. It is noted 
that not all of the APS-II circuits are included in 

so Rgs. 5 A and 5B because not all are relevant to the 
present invention. Further, it is submitted that, for 
those skilled in the microprocessor art a block 
diagram, such as is shown in Rg. 2, accompanied 
by a brief description of each of the blocks or 

55 circuit functions within the block diagram, as has 
been provided above, is sufficient to enable such 
skilled person to practice the invention. For those 
unskilled in the art, who desire to know additional 
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details associated with the operation and design of 
the APS-II device, reference is mado to Appendix 
A, filed concurrently herewith, wherein is found the 
"APS-II Product Specification." 

Referring then to Fig. 5A, the main micropro- 
cessor 42 is shown, including all the various con- 
nections that are made to its input/output pins. (The 
processor 42 is also identified in Fig. 5A as U1 .) Of 
relevance to the present invention is the manner in 
which the data bus 66 and the address bus 64 
interconnect the processor 42 with the Program 
Cartridge 40 (Fig. 2). The pins labeled AD0-AD7, 
AS-A15, and A16-A19 on the processor 42 com- 
prise the data terminals through which appropriate 
data words may be received from or sent to the 
processor. When data is being sent from the pro- 
cessor 42, these data terminals are connected to 
data latches 201, 202, and 203. The output termi- 
nals of data latch 201 are identified as BA0-BA7, 
and correspond to processor data lines AD0-AD7. 
Similarly, the output terminals of data latch 202 are 
identified as BA8-BA15 and correspond to proces- 
sor data lines A8-A15; and the output terminal of 
data latch 203 are identified as BA16-BA19 and 
correspond to processor data line A16-A19. Any or 
aJI of these data lines, BA0-BA1 9, can thus be used 
to transfer data from the processor 42 to a desired 
location. 

When data is being received by the processor 
42, data is received on data terminals AD0-AD7 
from octal bus transceiver 204, which transceiver, 
in turn, receives the data over signal lines identified 
as DB0-OB7. Whether the particular data on signal 
lines BA0-BA19 and DB0-DB7 comprises data or a 
data address depends upon the source or destina- 
tion of the data and how the source or destination 
is configured. Typically, signal lines DB0-OB7 are 
used to transfer 8-bit data words from or to the 
processor 42, and these signal fines thus function 
as the data bus 66 (referenced in Rg. 2). Similarly, 
signal lines BA14-BA19 typically are used to trans- 
fer a 6-bit data address from the processor, which 
address indicates a specific location within a des- 
ignated device to or from which the data is to be 
sent or received. Thus, these signal lines BA14- 
BA19 may be thought of as the address bus 64 
(referenced in Rg. 2). although it is to be under- 
stood that other signal lines, such as BA8-BA13, 
may also be used (and are used) to supplement 
the address information contained in bits BA14- 
BA19. 

With reference now to Rg. 5B, it is seen that 
signal lines BA0-6A19 (comprising the address bus 
64) are connected directly to a Rom Pack Connec- 
tor 206. Similarly, signal fines DBO-DB7 (compris- 
ing the data bus 66) is connected to the Rom Pack 
Connector 206 via octal bus transceiver 208. (As is 
known to those skilled in the art, a bus transceiver 



device is a two-directional device that allows data, 
upon receipt of a first set of proper control signals, 
to pass through the device in one direction; and, 
upon receipt of a second set of proper control 
5 signals, allows data to pass through the device in 
the opposite direction.) The Program Cartridge 40 
(Rg. 2) plugs into the Rom Pack Connector 206. 

Program Cartridge (Rom Pack) 

TO 

Referring next to Rg. 6A, a schematic diagram 
of the Program Cartridge 40 is shown. This car- 
tridge 40 includes an address decoder 212 and 
memory 214. A connector 210, configured to plug 

75 into the Rom Pack Connector 206, connects the 
address bus data BA14-BA19 to the decoder 212. 
Other address data lines, BA0-BA13, are connected 
directly to the memory 214. Data bus lines, iden- 
tified in Rg. 6A as RP0O-RPO7 (corresponding to 

20 DB0-DB7, respectively, of Rg. 5) are likewise con- 
nected to the memory 214 by the connector 210. 
Memory 214 is realized, for the embodiment shown 
in Rg. 6A, using four commercially-available mem- 
ory devices, 216-219. These devices each vary in 

25 size from 32K bytes to 128K bytes, thereby provid- 
ing up to a total of 51 2K bytes of addressable 
memory space. Advantageously, each of the mem- 
ory devices 216-219 are installed into the cartridge 
40 using sockets, thereby allowing a variety of pin 

30 compatible EROM devices, for example, to be in- 
serted into the cartridge. By way of illustration, 
commercially-available EROM devices ranging 
from the 27256 and 27512, to the more exotic 
27513 or the 27011, available from Intel or other 

35 semiconductor manufacturers, may be used as the 
memory devices 216-219. 

The decoder 212 is realized with a pro- 
grammed logic array (PAL . In the preferred em- 
bodiment the PAL 212 is replaceable, as are the 

40 memory devices 216-129. Using a replaceable PAL 
allows the PAL to be replaced if a memory up- 
grade is required. Further, the use of a replaceable 
PAL advantageously permits the use of different 
types of memory devices 216-219 to be used 

45 within a single memory array 214. 

The PAL 212 provides the interface between 
the desired type of memory device and the proces- 
sor's address/data/controi busses. It is a function of 
the PAL 212 to make addressing and data sig- 

so naling differences (due to the use of different types 
of memory devices) invisible to the processor 42, 
thereby minimizing any problems or concerns as- 
sociated with considering which memory devices 
are present. Thus, advantageously, no special con- 

55 cessions for memory interface, except for size, 
need to be made. The processor 42 need only 
present an address instruction on the address bus, 
which instruction is then latched; issue a read sig- 
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nal; and then retrieve the data from the memory 
214. 

Thus. PAL 212 serves as the controller for the 
memory devices 216-219. That is, the PAL de- 
codes address commands and generates appro- 
priate selectfcontrol signals for retrieving the de- 
sired data from the decoded address, including 
generating signals required to effectuate the bank 
switching method described below. In the preferred 
embodiment, PAL 212 is realized using a commer- 
cially-available logic array 22V10 available from 
Advanced Micro Devices. This array is pro- 
grammed as set forth in Appendix B. The equip- 
ment used to program the 22V10 is well known in 
the art, and is- readily available from numerous 
sources, such as Advanced Micro Devices (AMD). 
In practice, it is common in the art for manufactur- 
ers of logic array devices, such as AMD, to pro- 
gram the device for a customer according to the 
customer's specifications. 

Referring momentarily to Fig. 6B, a simplified 
timing diagram is shown that functionally illustrates 
the above operation. At some point in time, the 
ALE signal changes states, indicating that an ad- 
dress has been latched at which data is to be 
retrieved. According to conventional practices, it 
takes several clock cycles after the ALE signal 
changes states before the desired data can be 
retrieved and placed on the data bus, as shown for 
example by the typical bus access cycle defined in 
Rg. 6B. This is because there are typically several 
steps associated with fetching data from a given 
memory location, each step of which occurs se- 
quentially as controlled by the basic clock (CLK) 
signal. In accordance with one embodiment of the 
present invention (wherein the 27513 or 27011 de- 
vices are used as the memory devices 21 4 of Rg. 
6A), however, a novel bank switching method of 
addressing is used that advantageously allows data 
to be fetched on the next rising edge of the system 
clock after the ALE signal changes states, i.e., 
within the same basic clock cycle. This method is 
made possible by a configuration wherein the ad- 
dress bus is coupled to the data bus through 
resistors, thereby allowing the address information 
to go onto the data bus during the input mode of 
the data bus. Thus, when the PAL strobes the write 
pulse to the memory devices 114, the desired bank 
of memory devices is automatically selected. In 
Rg. 6A, this configuration is shown by the address 
bus signal lines BA14-BA16 being coupled to the 
data bus signal lines RPOO-RP02. respectively. 

It is noted that the bank switching method and 
configuration described above goes against the 
conventional teachings concerning the use and op- 
eration of the commercially-available memory de- 
vices, such as the 27513 device, manufactured by 
Intel Corporation. For example, in the Memory 



Components Handbook (Intel 1986), in the descrip- 
tion of the 27513 device, which begins on page 4- 
90, there is a warning given (on page 4-96) that "- 
[c]are should be taken in organizing software pro- 

5 grams such that the number of page changes is 
minimized." The clear intent of the manufacturer of 
the device is thus to first select a page and then 
make subsequent accesses within that page (i.e., 
perform a multiple-step operation that requires sev- 

io era) clock cycles). In contrast the present invention 
does not use the 27513 device in that manner. 
Rather, in accordance with the present invention, 
the PAL 212 is designed so as to rapidly and 
dynamically change pages in a way that is trans- 

15 parent to the processor 42 (Rg. 5A). Hence, no 
page-select-write operation is performed as recom- 
mended by the teachings of the art Thus, to the 
processor 42, the memory device 214 appears as a 
linearly addressed part that does not require a 

20 separate page-select write operation in order to 
access desired pages thereof. The result is a shor- 
ter access time and a significant reduction in the 
amount of overhead software that is required to 
retrieve data from the program cartridge 40 (Rgs. 2 ^ 

25 and 6A). 

APS-II Displays 

As has been previously described, the APS-II 

30 uses the combination of a conventional display 34 
over which a touch-sensitive screen 32 is placed 
(see Rgs. 1 and 2A and accompanying text) in 
order to provide a means for operator-selected 
commands and controls. Such a combination ad- 

35 vantageously eliminates the need for the more con- 
ventional, and sometimes threatening (especially in 
a medical environment), keyboard that so com- 
monly is used to input commands to a computer- 
type system. Further, the combination allows for a 

40 wide variety of clear, precise, understandable 
instructions to be given to an operator in a way that 
makes it difficult for the operator to make a com- 
mand-entry mistake. These and other advantages 
of the touch-sensitive screen and display combina- 

45 tion are explained more fully in the APS-II Tech- 
nical Manual. Only a brief description of some of 
these displays is presented here to provide a basic 
understanding of the manner in which the displays 
are generated and commands entered. 

so The manner of electronically generating a dis- 
play on a CRT 46 (Rg. 2). or other display device 
(such as an LED screen) is conventional, and those 
skilled in the art can readily repeat the same. 
Essentially, each display may be considered as a 

65 matrix of pixels organized into rows and columns. 
Any desired image can be created by simply caus- 
ing appropriate pixels to assume a desired char- 
acteristic (dark, light having a selected color, etc.). 
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The imago is stored within the memory circuits of 
the APS-II as a set of digital data words, each word 
defining the characteristics of a specific pixel or 
group of pixels. Hence, a desired image is dis- 
played by simply retrieving the data words that 
define that image, and presenting those data words 
to the display circuits 45 (Fig. 2) of the display 
device, which display circuits decode and convert 
the data words into analog signals that generate 
the actual image on the display device. 

All of the above is, as indicated, conventional 
and well known to those skilled in the art, espe- 
cially to those skilled in the computer art Further, it 
is known in the art to generate an image display, 
and to overlay that display with another display, 
thereby creating the appearance of having a first 
image in the background of the display and a 
second image in the foreground of the display. Any 
desired number of "tiers" (background, midground, 
foreground, etc.) of such image displays can be 
readily created. 

With the above background of image display 
generation in mind, reference is now made to Rg. 
7A where there is shown a representative display 
of the initial image display generated by the APS-II 
when it is first turned on. The display advanta- 
geously includes a specific instruction, shown gen- 
erally at 300, that indicates what must be done by 
the operator in order to begin using the APS-II. 
This instruction, "PRESS HERE TO BEGIN", fol- 
lowed by a picture of a hand with a finger pointing 
to the area of the screen to be touched, leaves little 
room for misinterpretation. The area 302 to be 
touched is identified on the display as "Interro- 
gate", and comprises a rectangular area defined by 
a shadowed border. Within this area, the display 
includes the image of a pacemaker 304 and a 
signal 306, signifying that during the interrogation 
process, information signals will be received from 
the pacemaker for the purpose of at least identify- 
ing the pacemaker. 

As an alternative to touching the display screen 
at the interrogation area 302, as instructed by the 
image shown in Rg. 7A, the operator can also 
select "SYSTEM OPTIONS", as is also indicated in 
the instructions that are displayed. SYSTEM OP- 
TIONS is selected by touching the designated per- 
manent "Systems Options" area 307 below the 
main display (screen) area 46 (Rg. 2B). Other 
commands, in addition to SYSTEM OPTIONS, that 
are available for selection in the permanent display 
area are as shown in Rg. 7B. 

In the event that SYSTEM OPTIONS are se- 
lected by touching area 307, a system options 
display 310 appears in the foreground of the dis- 
play 46 as shown in Rg. 7C. As indicated in Rg. 
7C t the background of the image being displayed 
remains the same as that shown in Rg. 7A. The 



foreground, however, comprises a defined area that 
has a border resembling a file or index card, with 
an index tab 312 along the top side thereof being 
labeled "System Options". Included within the Sys- 
5 tern Options foreground display are six areas, each 
labeled with an appropriate title. Many of the titles 
are supplemented with a small picture or display 
symbol that further identifies the option that is 
available. 

to For example, still referring to Rg. 7C, one of 

the system option areas appearing in the system 
options display 310 is a "Set Clock" display 318. 
By touching this area 318, the operator initiates the 
Set Clock mode of the APS-II device. Rgs. 8A and 

is 8B depict a "Set Clock" display 320 and a "Clock 
Format" display 322, respectively, that are used in 
conjunction with the Set Clock mode. That is, the 
Set Clock display 320 of Rg. 8A is displayed on 
the screen 46 when the Set Clock area 318 of the 

20 System Options foreground display 310 (Rg. 7C) is 
selected. In turn, when the Format area 321 of the 
Set Clock display 320 (Rg. 8A) is selected, then 
the Clock Format display 322 appears as a fore- 
ground display over the Set Clock display 320, as 

25 shown in Rg. 8B. 

Referring next to Rgs. 9A and 9B, representa- 
tive displays generated by the APS-II during inter- 
val programming are shown. Rg. 9A depicts a 
typical programmed interval display 330. Advanta- 

30 geously, this display 330 may include both a tab- 
ular display 332 of the programmed intervals asso- 
ciated with the particular pacemaker being interro- 
gated, and also a time-bar display 334 of these 
same intervals. Both the tabular display 332 and 

35 the time-bar display 334, are generated and dis- 
played in conventional manner, as previously de- 
scribed. However, as explained more fully below, it 
is the length of the various bars included within the 
time-bar display 334 that forms an important fea- 

40 ture of the present invention. 

The time bar display 334 comprises a scaled 
time display of the various time intervals. Thus, the 
blanking interval, which is shown in the tabular 
portion 332 of Rg. 9A as being 38 msec, is de- 

45 picted in the time bar-display portion 334 of Rg. 
9A as a horizontal bar having a length that is, on an 
appropriate horizontal time scale, proportional to 38 
msec As can be seen, this length is roughly 25% 
of the length of the A-V bar display, the cor- 

so responding programmed A-V interval having a val- 
ue of 165 msec. (38 msec is 23% of 165 msec.) In 
other words, the time-bar portion 334 of Rg. 9A 
depicts the various programmed intervals as re- 
spective horizontal bars having lengths that are 

55 proportional to their respective times. Advanta- 
geously, each time bar begins at the horizontal 
location on the display that corresponds to the time 
(using the appropriate horizontal time scale) when 
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the time interval begins within the programmed 
pacemaker. Thus, the time-bar display 334 
presents the equivalent of a timing diagram of the 
indicated programmed intervals used within the 
pacemaker circuits. Such time diagrams have long 
been used by those skilled in the art in the form of 
charts, overhead projections, and the like, to illus- 
trate the concept of how the various time intervals 
of an implanted pacemaker interrelate one to the 
other. However, to Applicants' knowledge, electron- 
ically-generated timing diagrams of a particular im- 
planted or implantable pacemaker (showing the 
current programmed values) have never previously 
been incorporated into a display generated by a 
programming device in communication with the 
implanted (or implantable) pacemaker. Such a dis- 
play advantageously allows a programmer of the 
pacemaker to visually see how the changing of one 
programmed time interval relates to and/or affects 
the other time intervals of the pacemaker. 

Referring to Fig. 9B, another aspect of the 
display features of the interval programming tech- 
nique of the present invention is illustrated. In ac- 
cordance with the embodiment shown in Fig. flB, 
the time interval display not only includes the tab- 
ular portion 332 and time bar display portion 334, 
as in Fig. 9A, but Fig. 9B also includes at least one 
intercardiac ECG channel that is displayed in syn- 
chrony with the time bar display. 

In Fig. 9B, both an atrial channel intercardiac 
ECG trace 336 is shown, as is a ventricular inter- 
cardiac ECG trace 338. Both traces are displayed 
so as to be synchronized with the various time 
intervals displayed on the time bar portion 334 of 
the display. Thus, it is seen that the generation of 
an A-pulse 340 on the atrial channel display 336 
appears as a large negative-going waveform, as is 
recognized in the art A far-field small pulse 340' 
also may appear on the ventricular channel 338 as 
a result of the delivery of the atrial pulse by the 
pacemaker. The delivery of the atrial pulse causes 
the "A* marker 342 to be generated on the time 
bar portion 334 of the display of Rg. 9B, as has 
been done in the past See, e.g., U.S. Patent 
4,596,255. However, unlike the past a long vertical 
bar 344 is generated with the "A" marker that 
indicates the beginning of the blanking interval and 
A-V Delay interval, which intervals are then dis- 
played in a scaled manner, as part of a time-bar 
display, as above described. 

For the situation shown in Rg. 9B, there is no 
spontaneous cardiac activity before the termination 
of the A-V Delay interval. Hence, the pacemaker 
generates a ventricular pulse at the conclusion of 
the A-V Delay (i.e., 165 msec after the atrial pulse 
for the programmed values shown in Rg. 9B). This 
ventricular pulse Is manifest in the intercardiac 
ventricular channel display 338 as a large negative- 



going pulse 346, and may also be manifest in the 
atrial channel display 336 as a far-field spike 348. 
A *V" marker 350 is also generated on the display, 
as is a long vertical line 352 that marks the begin- 

s ning of the PVARP, VRP, MAX Track, and Rate 
programmed intervals that are included in the dis- 
play of the time bar portion 334. Advantageously, 
the display of these time intervals in a scaled time 
diagram that also includes the intercardiac ECG 

io channel(s). provides an extremely useful tool for 
diagnosing the intercardiac waveform and for ana- 
lyzing the performance of the pacemaker, and for 
determining whether the pacemaker has been opti- 
mally programmed. Never before, to Applicants' 

is knowledge, has a programming device been ca- 
pable of generating a display of the type shown in 
Fig. 9B that includes such valuable timing and 
other information relating to the. presently pro- 
grammed intervals and corresponding intercardiac 

20 ECG waveform(s). 

Claims 

1. An analyzer programmer system (30) for con- 
25 trolling and monitoring an implantable prog- 
rammable pacemaker (20), said pacemaker 
having means (26) for receiving control signals 
and means for transmitting data signals, said 
analyzer programmer system comprising: 
30 telemetry head means (28) for nonin- 

vasive^ sending control signals to said pace- 
maker and for noninvasively receiving data sig- 
nals from said pacemaker; 

processing means (30, 42) coupled to said 
35 telemetry head means for generating said con- 
trol signals in response to selected commands 
entered into said system, and for processing 
said data signals received from said telemetry 
head means; 

40 a program memory (40) for storing said com- 
mands; 

a data bus (66) connecting said processing 
means with said program memory for transfer 
of said commands to said processing means 

45 from said program memory; 

an address bus (64) also connecting said pro- 
cessing means with said program memory for 
providing a data address signal to said pro- 
gram memory from said processing means; 

so memory means (68, 72, 74) coupled to 

said processing means for storing said data 
signals; and 

electronic display means (34, 330) for dis- 
playing the information contained within said 

55 data signals and said control signals, char- 
acterized 

in that said display means (34, 330) include 
means (334) for electronically displaying a plu- 
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rality of graphically depicted programmed in- 
tervals, said graphically depicted programmed 
intervals including a graphical indication (344, 
352) of the starting point and duration of se- 
lected time intervals included within a graphi- 5 
cal representation of a predefined cycle asso- 
ciated with the operation of said programmable 
pacemaker (20), said selected time intervals 
being specified in the control signals sent to 
said pacemaker, and in that said program jo 
memory comprises a removable program car- 
tridge containing a memory access system 
comprising 

multi-page memory means (214) within 
said program cartridge for storing the com- 15 
mands at one of a plurality of possible pages 
(216 - 219), said multipage memory means 
including access means (212) for accessing a 
specific location within said memory means 
that includes means for specifying a desired 20 
page where desired data is located, and 
means for subsequently specifying where on 
the desired page the desired data is located, 
whereby at least two consecutive instructions 
may be used to retrieve data from said multi- 25 
page memory means: a first instruction to 
specify the page, and a second instruction to 
specify where on the specified page the de- 
sired data is located; and 

decoding means (212) responsive to the so 
receipt of a single data address instruction 
received over said address bus for decoding 
said single data address instruction and for 
placing the data at the specific location des- 
ignated by the decoded single data address 35 
instruction on said data bus for presentation to 
said processing means, said decoding means 
accomplishing its function of retrieving the ad- 
dressed data without the need for consecutive 
plural instruction specifying first the page and 40 
second the location on the page where the 
data is located whereby data can be retrieved 
from said multi-page memory means using a 
single memory instruction. 

45 

2. The analyser programmer system of claim 1 , 
characterized In that said control signals con- 
trol at least the programmed duration of se- 
lected time intervals used during operation of 
said pacemaker (20), and in that said data so 
signals include at least the measured duration 
of selected time intervals associated with the 
operation of said pacemaker, and further in 
that the programmed intervals graphically dis- 
played by said electronic display means (34, 55 
330) comprise a scaled graphical diagram 
(334) of predicted time intervals within said 
predefined pacemaker cycle that results from 



the sending of the control signals to said pace- 
maker and the acting upon said control signals 
by said pacemaker. 

3. The analyzer programmer system of claims 1 
or 2, 

characterized in that said display means (34, 
330) further includes means (332, 334, 336, 
338) for simultaneously displaying the pro- 
grammed time intervals of said electronic dis- 
play means and the measured time intervals 
derived from said data signals, thereby facili- 
tating a comparison between that which is pre- 
dicted and that which is measured. 

4. The analyser programmer system of any of 
claims 1 - 3 

wherein said implantable pacemaker (20) fur* 
ther includes means for sensing and generat- 
ing events (340, 340', 346, 346) and means for 
transmitting data signals representative of said 
events, characterized by means for receiving 
said data signals, said graphical display means 
(34, 330) including data display means (332, 
334; 336, 338) for simultaneously displaying 
events (340, 340', 346, 348) sensed and gen- 
erated by said implantable pacemaker (20) in a 
timed relationship aligned with the display of 
said time intervals, said data display means 
showing the events thus displayed in timed 
relationship relative to said predefined cycle. 

5. The analyser programmer system of any of 
claims 1 -4, 

characterized In that the implantable pace- 
maker (20) is a dual chamber pacemaker and 
in that the time intervals displayed by said 
graphical display means (34, 330) include pro- 
grammed atrial and ventricular refractory 
periods and a programmed AV delay interval 
associated with the operation of the dual 
chamber pacemaker. 

6. The analyzer programmer system of claim 1, 
characterized In that said decoding means 
(212) includes means (R21, R22, R23) for cou- 
pling a selected portion (BA 14 - BA 16) of 
said address bus (64) directly to said data bus 
(RP 00 - RP 02). 

7. The analyzer programmer system of claims 1 
or 6, 

characterized In that the pages (216 - 219) of 
said multi-page memory (214) are formed of 
read-only memory (ROM) devices and in that a 
means (60) is provided to generate a dock 
signal defining a basic clock cycle and being 
applied to said ROM devices (216 - 219) to 
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control the retrieval of data stored therein, said 
decoding means (212) being responsive to the 
receipt of a single data address instruction for 
retrieving a selected portion of the specified 
data from said ROM devices within a single s 
basic clock cycle. 

8. The analyzer programmer system of claim 7. 
characterized In that said decoding means 
(212) comprises a programmed logic array to 
(PAL) device that includes: 

means for receiving a multi-bit address 
instruction; and 

means responsive to the individual bits of 
said multi-bit address instruction for immedi- is 
ately generating, without waiting for the begin- 
ning of the next basic clock cycle, a set of 
appropriate control signals that cause the se- 
lected portion of the specified data to be re- 
trieved from said ROM devices (216 - 219). 20 

Patentansprtiche 

1. En Programmier- und Diagnostiksystem (30) 
zur Steuerung und Oberwachung eines implan- 25 
tierbaren Herzschrittmachers (20), der Mittel 
(26) zum Empfangen von Steuersignaien und 
Mittel zum Senden von Datensignalen enthalt, 
wobei das Programmier- und Diagnostiksystem 
aufweist: so 

einen Telemetriekopf (28) zum nichtinvasi- 
ven Senden von Steuersignaien an den Herz- 
schrittmacher und zum nichtinvasiven Empfan- 
gen von Datensignalen von dem Herzschritt- 
macher; $s 

an den Telemetriekopf angeschlossene 
ProzeBmittel (30,42) zum Erzeugen der Steuer- 
signafe in Erwiderung auf ein gewahltes Kom- 
mando, das in das System eingegeben wird, 
und zum Bearbeiten der von dem Telemetrie- 40 
kopf empfangenen Datensignale; 

einen Program mspeicher (40) zum Spei- 
chem der Kommandos; 

einen Datenbus (66), der die ProzeBmittel 
mit dem Program mspeicher verbindet um die 45 
Kommandos von dem Programmspeicher zu 
den ProzeBmitteln zu Dbertragen; 

einen Adressenbus (64), der ebenfalls die 
ProzeBmittel mit dem Programmspeicher ver- 
bindet, um ein Datenadresssignal fOr den Pro- n so 
grammspetcher von den ProzeBmitteln zu 
schaffen; 

Speicher (68, 72, 74 ). die mit den ProzeB- 
mitteln verbunden sind zum Speichem der Da- 
tensignale; und 55 

eine elektronische Sichtanzeige (34, 330) 
zum Anzeigen der in den Datensignalen und 
den Steuersignaien enthaltenen Information, 



dadurch gekennzeichnet, daO die Sichtan- 
zeige (30. 330) Mittel (334) zur elektronischen 
Anzeige einer Mehrzahl von graph isch darge- 
stelften programmierten Intervallen entMIt, wo- 
bei die graphisch dargestellten programmierten 
Intervalle eine graphische Indikation (344. 352) 
des Startpunktes und der Dauer des gewahlten 
Zeitintervalls beinhalten, die in der graphischen 
Representation eines vorbestimmten mit der 
Wirkungsweise des programmierbaren Herz- 
schrittmachers (20) assoziierten Zyklus en thai- 
ten sind, wobei das gewahtte ZeitintervaJI in 
den an den Herzschrittmacher gesendeten 
Steuersignaien spezifiziert ist und wobei der 
Programmspeicher eine auswechselbare Pro- 
grammkassette mit einem Speicherzugrrffssy- 
stem enthalt, das 

einen Mehrseitenspeicher (214) in der Pro- 
gram mkassette zum Speichem der Komman- 
dos auf einer von einer Vielzahl moglicher 
Seiten (216-219) aufweist, wobei der Mehrsei- 
tenspeicher Zugriffsmittel (212) zum Zugriff auf 
einen spezifischen Ort im Speicher enthalt, die 
Mittel zur Angabe einer gewUnschten Seite, auf 
der sich die gewUnschten Daten befinden, und 
Mittel zur anschlieBenden Angabe, wo sich auf 
der gewUnschten Seite die gewUnschten Daten 
befinden, aufweisen, wobei mindestens zwei 
aufeinanderfolgende Anweisungen verwendet 
werden konnen, um Daten von dem Mehrsei- 
tenspeicher wiederzugewinnen; eine erste An- 
weisung. die die Seite angibt, und eine zweite 
Anweisung, die angibt, wo sich auf der ange- 
gebenen Seite die gewUnschten Daten befin- 
den; und 

einen Dekoder (212) aufweist, der auf den 
Empfang einer einzelnen tiber den Adressen- 
bus erhaltenen Datenadressenangabe diese 
Datenadressenangabe dekodiert, um die Daten 
an einem spezifischen, durch die dekodierte 
einzelne Datenadressenangabe auf dem Da- 
tenbus bestimmten Ort zur Presentation an die 
ProzeBmittel zu plazieren, wobei der Dekoder 
seine Funktion der Wiedergewinnung der 
adressierten Daten ohne die Notwendigkeit 
aufeinanderfolgender mehrerer Anweisungen, 
die erstens die Seite und zwettens den Ort auf 
der Seite, wo sich die Daten befinden, ange- 
ben, ausfUhrt, wodurch Daten von dem Mehr- 
seitenspeicher unter Verwendung einer einzel- 
nen Speicherangabe wiedergewonnen werden 
konnen. 

2. Das Programmier- und Diagnostiksystem nach 
Anspruch 1, dadurch gekennzeichnet daB 
die Steuersignale wenigstens die programmier- 
te Oauer der gewShlten ZeitintervaJle, die wah- 
rend des Betriebs des Herzschrittmachers 
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(20) verwendet werden, steuert, und daB die 
Datensignale zumindest die gemessene Dauer 
des gewahlten. mit dem Betrieb des Herz- 
schrittmachers verbundenen Zeitintervalls ent- 
halten, und daB weitertiin die gewahlten Inter- 5 
valle, die durch die elektronische Sichtanzeige 
(34, 330) graphisch dargostellt werden, ein 
maBstabliches graphischen Diagramm (334) 
vorhergesagter Zeitintervalle innerhalb des vor- 
bestimmten Herzschrittmacherzyklus aufwei- io 
sen, das aus dem Senden des Steuersigrtals 
an den Herzschrittmacher und dem Reagieren 
des Herzschrittmachers auf dieses Steuersi- 
gna) resultiert. 

T5 

3. Programmier- und Diagnostiksystem nach An- 
spruch 1 oder 2, dadurch gekennzelchnet 
daB die Sichtanzeige (34, 330) weitertiin Mittel 
(332, 334, 336, 338) zur gletchzeitigen Anzeige 

der programmierten Zeitintervalle der elektroni- 20 
schen Sichtanzeige und der gemessenen, von 
den Datensignalen hergeteiteten Zeitintervalle 
aufweist wodurch der Vergleich zwischen 
dem, was vorhergesagt wurde, und dem, was 
gem es sen wurde, erteichtort wird. 25 

4. Programmier- und Diagnostiksystem nach ei- 
nem der AnsprUche 1-3, wobei der implantierte 
Herzschrittmacher (20) weitertiin Mittel zum 
AnfUhlen und zum Erzeugen von Ereignissen 30 
(340, 340', 346, 348) sowie Mittel zum Senden 

von diese Ereignisse reprSsentierenden Daten- 
signalen enthalt, gekennzelchnet durch Mit- 
tel zum Empfangen der Datensignale, wobei 
die graphische Sichtanzeige (34, 330) eine Da- 35 
tensichtanzeige (332, 334; 336, 338) zur 
gleichzeitigen Anzeige von Ereignissen ( 340, 
340*. 346, 348), die von dem implantierbaren 
Herzschrittmacher (20) abgefOhlt oder erzeugt 
werden, in einer zeitlichen Beziehung und aus- 40 
gerichtet mit der Anzeige der Zeitintervalle ent- 
halt, wobei die Datensichtanzeige die Ereignis- 
se daher in zeitl'tcher Beziehung relativ zu dem 
vorbestimmten Zyklus anzeigt. 

45 

5. Programmier- und Diagnostiksystem nach ei- 
nem der AnsprUche 1-4, dadurch gekenn- 
zelchnet, daS der implantierbare Herzschritt- 
macher (20) ein Doppelkammerherzschrittma- 
cher ist und daB die Zeitintervalle, die durch so 
die graphische Sichtanzeige (34, 330) ange- 
zetgt werden, mit der Wirkungsweise des Dop- 
pelkammerherzschrittmachers assoztierte, pro- 
grammterte atrielle und ventrikular Refraktar- 
zeiten und ein programmiertes AV Verzoge- 55 
rungsintervall aufweisen. 



6. Programmier- und Diagnostiksystem nach An- 
spruch 1 , dadurch gekennzelchnet daB der 
Dekoder (212) Mittel ( R21, R22. R23) zum 
direkten AnschlieBen ernes ausgewahrten Tei- 
les (BA 14-BA 16) des Adressenbusses (64) an 
den Datenbus ( RP 00- RP 02) aufweist 

7. Programmier- und Diagnostiksystem nach An- 
spruch 1 oder 6, dadurch gekennzelchnet 
daB die Seiten (216-219) des Mehrseitenspei- 
chers (214) aus Nurlesespeichem (ROM) gebil- 
det sind und daB Mittel (60) zur Erzeugung 
etnes Taktsignals vorgesehen sind, das einen 
Grundtaktzyklus definiert und an die ROM 
Speicher (216-219) angelegt ist, urn die Wie- 
dergewinnung der darin gespeicherten Oaten 
zu steuem, wobei der Dekoder (212) auf den 
Empfang einer einzelnen Datenadressenanga- 
be reagiert urn einen ausgewahlten Teil der 
speztfizierten Daten von den ROM Speichern 
innerhalb eines einzelnen Grundtaktzyklus wie- 
derzugewinnen. 

a Programmier- und Diagnostiksystem nach An- 
spruch 7, dadurch gekennzelchnet dafi der 
Dekoder (212) eine programmierbare logische 
Gruppierungsvorrichtung (PAL) aufweist, die 
enthalt 

Mittel zum Empfangen einer Muftibitadres- 
senangebe; und 

Mittel, die auf die individuation Bits der 
Multibitadressenangabe reagieren, urn unmit- 
telbar, ohne auf den Beginn des nSchsten Ba- 
sistaktzyklus zu warten, einen Satz passender 
Steuersignale erzeugen, die verursachen, daB 
der ausgewahlte Teil der spezifizierten Daten 
von dem ROM Speicher (216-219) wiederge- 
wonnen wird. 

Revendications 

1. Un systeme de programmation et d'analyse 
(30) pour commander et controler un stimula- 
teur cardiaque implantable (20), ce stimulateur 
cardiaque comportant des moyens (26) pour 
recevotr des signaux de commande et des 
moyens pour §mettre des signaux de donnees, 
ce systeme de programmation et d'analyse 
comprenant : 

une tete de tSlemesure (28) Pour fimettre 
des signaux de commande vers le stimulateur 
cardiaque, de facon non invasive, et pour rece- 
voir des signaux de donndes a parti r du stimu- 
lateur cardiaque de facon non invasive; 

des moyens de traitement (30. 42) 
connected a la tete de t£lemesure pour g6r\6- 
rer tes signaux de commande sous I'effet d'or- 
dres s^lectionn^s qui sont introduits dans le 
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systems, et pour traiter les signaux de don- 
nees qui sont regus a parti r de la tete de 
t^lemesure; 

una memoire de programme (40) pour en- 
registrer les ordres pr6cit£s; s 

un bus de donnees (66) connectant les 
moyens de traitement a la me" moire de pro- 
gramme pour le trans fert des ordres vers les 
moyens de traitement a partir de la me" moire 
de programme; 10 

un bus d'adresse (64) connectant e*gale- 
ment les moyens de traitement a la m 6 moire 
de programme, pour appliquer un signal 
d'adresse de donnees a la memoire de pro- 
gramme, a partir des moyens de traitement; is 

des moyens de memoire (68, 72, 74) 
connected aux moyens de traitement pour en- 
registrer les signaux de donnees; et 

des moyens de visualisation eiectroniques 
(34, 330) pour visualiser Pinformation contenue so 
dans les signaux de donnees et les signaux de 
commande, caract£rise en ce que les 
moyens de visualisation (34, 330) comprennent 
des moyens (334) pour visualiser de fagon 
etectronique un ensemble d' interval les pro- 2S 
grammes repr^sentes graphiquement, ces in- 
tervalles programmes repn5sent6s graphique- 
ment com pre nan t une indication graphique 
(344, 352) du point de depart et de la duree 
d'intervalles de temps s£lectionn6s qui sont 30 
inclus dans une representation graphique d'un 
cycle pr^d^fini associe au fonctionnement du 
stimulateur cardiaque programmable (20), ces 
intervalles de temps s^lectionn^s etant speci- 
fies dans les signaux de commande qui sont 35 
emis vers le stimulateur cardiaque, et en ce 
que la memoire de programme com p rend une 
cartouche de programme amovible contenant 
un systeme d'acces en memoire qui comprend 

des moyens de mimoire mutti-pages (214) 40 
dans la cartouche de programme, pour en re- 
gistrer les ordres dans Tune d'un ensemble de 
pages possibles (216*219), ces moyens de 
memoire multi-pages comprenant des moyens 
d'acces (212) pour accepter a une position 45 
specifique dans les moyens de memoire qui 
comprennent des moyens pour specifier une 
page desiree a laquelle se trouvent des don- 
nees c&sirees, et des moyens pour specifier 
ensuite rendroit sur la page desiree auquel se so 
trouvent les donnees desir€es, ce qui fait 
qu'au moins deux instructions cons6cutives 
peuvent etre utilisees pour pre'lever des don- 
nees dans les moyens de memoire multi-pa- 
ges : une premiere instruction pour specifier la 55 
page et une seconde instruction pour specifier 
Pendroit dans la page spectfiee auquel se trou- 
vent les donnees desirees; et 



des moyens de decodage (212) qui nlagis- 
sent a la reception d'une instruction d'adresse 
de donnees unique recue sur le bus d'adresse, 
en de*codarrt cette instruction d'adresse de 
donnees unique et en placant sur le bus de 
donnees les donnees qui se trouvent a I'en- 
droit specifique designe par ('instruction 
d'adresse de donnees unique ddcod^e, pour la 
presentation aux moyens de traitement, les 
moyens de decodage remplissant leur fonction 
de pnSlevement des donnees adress^es sans 
la necessity d'utiliser pJusieurs instructions 
cons^cutives spectfiant premie rement la page 
et secondement I'endroit sur la page auquel se 
trouvent les donnees, grace a quoi des don- 
nees peuvent etre pre levies dans les moyens 
de memoire mufti-pages en utilisant une seute 
instruction de memoire. 

2. l_e systeme de programmation et d'analyse de 
la revendication 1, caract£r1s6 en ce que les 
signaux de commande commandent au moins 
la duree programm^e d'intervalles de temps 
s^lectionne's qui sont utilises pendant le fonc- 
tionnement du stimulateur cardiaque (20), et 
en ce que les signaux de donnees compren- 
nent au moins la dunSe mesuree d'intervalles 
de temps s£lectionnes qui sont associes au 
fonctionnement du stimulateur cardiaque, et en 
outre en ce que les intervalles programmes qui 
sont visualises graphiquement par les moyens 
de visualisation eiectroniques (34, 330) com- 
prennent une representation graphique a 
rechelle (334) d'intervalles de temps predits 
dans le cycle de stimulateur cardiaque pnSdefi- 
ni qui nSsufte de remission des signaux de 
commande vers le stimulateur cardiaque et du 
traitement de ces signaux de commande par le 
stimulateur cardiaque. 

3. Le systeme de programmation et d'analyse 
des revendi cations 1 ou 2, caract6rise* en ce 
que les moyens de visualisation (34, 330) com- 
prennent en outre des moyens (332, 334, 336, 
338) pour visualiser simultanement les interval- 
les de temps programmes des moyens de 
visualisation eiectroniques et les intervalles de 
temps mesure's qui sont obtenus a partir des 
signaux de donnees, pour factliter ainsi une 
comparaison entre ce qui est pr§dit et ce qui 
est mesure. 

4. Le systeme de programmation et d'analyse de 
Tune quelconque des revendications 1-3, dans 
lequel le stimulateur cardiaque implantable 
(20) comprend en outre des moyens pour de- 
tector et generer des Svenements (340. 340', 
346, 346), et des moyens pour emettre des 



33 
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34 



signaux de donn£es repr^sentatifs de ces £ve- 
nements, caract£ris6 par des moyens pour 
recevoir les signaux de donnees, les moyens 
de visualisation graphique (34, 330) compre- 
nant des moyens de visualisation de donn6es 5 
(332, 334; 336, 338) pour visualiser simurtan£- 
ment des elements (340, 340', 346, 348) qui 
sont d£tect£s et genets par le stimulateur 
cardiaque implantable (20), en synchronisme 
avec la visualisation des intervalles de temps, to 
les moyens de visualisation de donnees mon- 
trant les evenements ainsi visualises avec une 
relation temporelle determined par rapport au 
cycle pr6d6fini. 

75 

5. Le systerne de programmation et d 'analyse de 
I'une quelconque des revendications 1-4, ca- 
racte>fs6 en ce que le stimulateur cardiaque 
implantable (20) est un stimulateur cardiaque a 
deux chambres, et en ce que les intervalles de 20 
temps qui sont visualises par les moyens de 
visualisation graphique (34, 330) comprennent 
des periodes nSfractaires auriculaire et ventri- 
culaire programmers et un intervalle de retard 
oreilletteventricule programme, associ^s au , 25 
fonctionnement du stimulateur cardiaque a 
deux chambres. 



prend : 

des moyens pour recevoir une instruction 
d'adresse a a plusieurs bits; et 

des moyens qui reagtssent aux bits indivi- 
duals de ('instruction d'adresse a plusieurs bits 
en g€ne>ant immediate ment, sans attend re le 
debut du cycle d'hortoge de base suivant, un 
ensemble de signaux de commando appro- 
pries qui commandent te prelevement, dans 
les dispositifs de m£moire morte (216-219), de 
la partie s^lectionnee des donnees specifiees. 



6. Le systerne de programmation et d 'analyse de 
la revendication 1, caract£rls6 en ce que les 30 
moyens de d6codage (212) comprennent des 
moyens (R21. R22, R23) pour connecter direc- 
tement una partie s^lectionnee (BA 14 - BA 
16) du bus d'adresse (64) au bus de donnees 
(RP 00 - RP 02). 35 



7. Le systerne de programmation et d'analyse 
des revendications 1 ou 6, caract6rlse* en ce 
que les pages (216-219) de la m^moire multi- 
pages (214) sont formers par des dispositifs 40 
de m£moire morte (ROM), et en ce que des 
moyens (60) sont incorponSs pour g6ne>er un 
signal d'hodoge d^finissant un cycle d'horioge 
de base et qui est applique* aux dispositifs de 
m^moire morte (216-219) dans le but de com- 45 
mander le prelevement de donnees enregis- 
trees dans ces dispositifs, les moyens de de- 
codage (212) reagissant a la reception d'une 
instruction d'adresse de donnees unique en 
pre levant une partie s€lectionn6e des donnees so 
specifiees dans les dispositifs de m^moire 
morte, au cours d'un seul cycle d'horioge de 
base. 



8. Le systerne de programmation et d'analyse de 55 
la revendication 7, caractSris6 en ce que les 
moyens de de'codage (212) comprennent un 
r£seau togique programmable (PAL) qui com- 
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